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Abstract
Objective: The objective of this study was to identify subpopulations vulnerable to 
skin cancer by occupations, among individuals with Fitzpatrick skin types III and IV.
Methods: Data were retrieved from the national mortality registry of Korean National 
Statistical Office (KNSO) from 1993 to 2012, including all medical certificates of 
death written and confirmed by physicians. Medical certificates of death from 1993 to 
2012 were obtained from the national mortality registry of Korean National Statistical 
Office. These completed medical certificates are verified by the Korean Ministry of 
Government Administration and Home Affairs and formatted using 103 main and 236 
specific causes of death as recommended by the World Health Organization. We cal-
culated direct standardized mortality rate and standardized mortality ratio (SMR) using 
the indirect standardization method. The entire population as reflected in the 2005 na-
tional census was used as a reference population.
Results: Of 594 deaths from skin cancer, 227 (38.2%) were from non‐melanotic skin 
cancer (NMSC) and 367 (61.8%) from cutaneous melanoma (CM). Compared to office 
workers, agriculture/fishery/forestry workers had significantly higher SMRs for NMSC 
in men [SMR: 461, 95% confidential interval (CI): 329‐583] and women (SMR: 575, 
95% CI: 317‐864). SMR was also increased in men who worked in exposed area (SMR 
of NMSC:553, 95% CI:222‐1018, SMR of CM:453, 95% CI: 133‐1009).
Conclusion: This is the first Asian study to suggest that agriculture/fishery/forestry 
workers have increased SMRs for NMSC and CM in exposed areas. Early diagnosis 
of skin cancer in this group is important.
K E Y W O R D S
occupation, skin cancer, standardized mortality ratio, ultraviolet
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1 |  INTRODUCTION
Skin cancer is less common in people of color than in 
Caucasians.1 This protective effect is associated with in-
creased melanocyte activity and larger and well‐dispersed 
melanosomes.2-4 Nevertheless, the incidence of skin cancer is 
slowly increasing in Far East Asian countries such as Korea, 
Japan, and China. In Korea, skin cancer, including non‐mel-
anotic skin cancer (NMSC) and cutaneous melanoma (CM), 
was the tenth most common cancer in 2014. According to 
the National Cancer Registry, the number of skin cancer pa-
tients increased from 3091 in 2006 to 5078 in 2014, and the 
fraction of skin cancer among all types of cancer from 1.4% 
to 2.0%. In Japan, the incidence of NMSC increased between 
the mid‐1950s and 2000.5 According to the National Cancer 
Registry of Singapore, the incidence of skin cancer increased 
between 1968 and 2006, especially among elderly Chinese.6
Occupational skin cancers have been due to industrial 
exposure to specific carcinogens such as polycyclic hydro-
carbons (eg from coal tar products) or to arsenic.7-9 The car-
cinogens may lead cellular damage in the workplace with 
the skin of workers.10,11 Industrial processes have improved 
in most developed countries to limit the chemical carcino-
gens.12,13 However, workers with prolonged exposure to 
ultraviolet (UV) lights still have greater opportunity to UV 
irradiation without recognition to this industrial hazard.14-16
NMSC and CM are both related to UV exposure.14 Although 
skin carcinogenesis is still not fully understood, several papers 
demonstrated that genetic and molecular alterations are in-
volved in this process.16-18 In terms of NMSC, ultraviolet B ra-
diation (UVB)‐induced DNA damage in keratinocytes causes 
the molecular alteration, induces carcinogenesis, and triggers 
the production of cytokines such as interleukin‐10, which may 
contribute to tumor escape from the host immune response.18-20 
Since these molecular mechanisms of UVB damage are also 
associated with the increased incidence of basal cell carcinoma 
(BCC) in Asians,21 UVB protection is likely as important for 
Asians as for Caucasians. In terms of CM, Viros et al22 show 
that mutant Trp53 accelerated BRAF‐driven melanomagenesis 
and that TP53 mutations are linked to evidence of UVR‐in-
duced DNA damage in human melanoma.
Skin cancer is still not considered a public health con-
cern in Asian countries. Moreover, reliable national‐level 
data on outdoor UVB exposure according to sex and occu-
pation are lacking. Thus, we sought to determine the stan-
dardized mortality ratio of skin cancer, including NMSC 
and CM, and identify vulnerable subpopulations in needed 
of focused preventive measures.
2 |  METHODS
2.1 | Data source and target population
Data were retrieved from the national mortality registry 
of Korean National Statistical Office (KNSO) from 1993 
to 2012, including all medical certificates of death written 
and confirmed by physicians. Physicians are under obliga-
tion to record the cause of death and other staff to input 
other demographic characteristics such as age, sex, edu-
cational level, occupation, marital status, and residential 
area at the time of death. These completed medical certifi-
cates are verified by the Korean Ministry of Government 
Administration and Home Affairs and formatted using 103 
main and 236 specific causes of death as recommended by 
the World Health Organization. The corrected data then 
become publicly available, with unrestricted online access.
This study analyzed the entire population aged from 25 to 
55 years. This lower age limit was chosen because most Korean 
men serve in the army for 20 months, and the occupational sta-
tus is very unstable in both men and women in their early 20s. 
To investigate mortality from skin cancer according to occu-
pation, we also excluded individuals over 55 years old since 
economic activity decreases dramatically in this age group.
2.2 | Skin cancer classification
The cause of death in the national mortality registry is for-
matted according to the International Classification of 
Skin cancers in exposed areas Skin cancers in unexposed areas
C43.0/C44.0 lip C43.5/C44.5 trunk
C43.1/C44.1 eyelid, including canthus C43.6/C44.6 upper limb, 
including shoulder
C43.2/C44.2 ear and external auricular 
canal
C43.7/C44.7 lower limb, 
including hip
C43.3/C44.3 other and unspecified 
parts of face
C43.8/C44.8 overlapping of skin
C43.4/C44.4 scalp and neck
International classification of “C43.9/C44.9,” which means the unspecified cutaneous melanoma, is excluded in 
the subgroup analysis according to the body parts. However, we analyzed all cutaneous melanoma with C43 
including this unspecified subgroup in following Table 2.
T A B L E  1  The classification of skin in 
exposed and unexposed areas of body parts
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Diseases‐10 system (ICD‐10). Accordingly, we used the 
ICD‐10 codes “C43” for CM and “C44” for NMSC. Although 
the ICD‐10 system does not distinguish BCC from squamous 
cell carcinoma (SCC) under “C44,” location of the neoplasm 
can be determined using three‐digit ICD‐10 codes. Skin can-
cer of face and neck generally was regarded as sun‐exposed 
areas.23 Thus, we divided skin cancer into exposed and unex-
posed areas to evaluate the effect of UVB (Table 1).
2.3 | Occupation classification
We used the national classification system known as “the 
Korean Standard Classification of Occupations,” which com-
prises 10 major occupational groups used in death records. 
To increase the statistical power, we redefined the occupa-
tional categories as follows: “office workers,” “service/trade/
manual workers,” and “agriculture/fishery/forestry workers” 
(Figure 1).
2.4 | Statistical analysis
We calculated direct standardized mortality rate and standard-
ized mortality ratio (SMR) using the indirect standardization 
method. The entire population as reflected in the 2005 national 
census was used as a reference population. Direct standard-
ized mortality rate was calculated by multiplying age‐specific 
mortality rates for each occupational category by the size of 
the corresponding reference subpopulation. In contrast, to cal-
culate SMR, the age‐specific mortality rate determined for the 
reference subpopulation was multiplied by the subpopulation 
size in the occupational category according to each age group 
to give the expected death rate. Finally, the SMR was defined 
as the ratio of the total observed number of deaths to the total 
expected number of deaths in each occupational category. To 
obtain 95% confidence intervals (CIs) of SMR in age groups 
with <30 deaths, we applied the approximated mid‐p test after 
assuming the Poisson distribution in the target population.24 
The resulting value was multiplied by 100, and the number of 
observed deaths was considered to be twice the expected value 
when SMR was 200.
3 |  RESULTS
3.1 | All types of skin cancer
In total, 594 individuals died from skin cancer, including 
227 (38.2%) from NMSC and 367 (61.8%) from CM (Table 
S1). Of them, 488 (82.2%) were men and 106 (17.8%) were 
women. The manual worker group had the lowest standard-
ized mortality rate in both men (0.24 cases per 100 000) and 
women (0.07/100 000), while agriculture/fishery/forestry 
workers had the highest values in both men (0.60/100 000) 
and women (0.27/100 000). Men had higher standard-
ized mortality rates than women in all the occupational 
categories.
Office workers were used as the reference category for 
SMR analysis. Compared to the reference group, agriculture/
fishery/forestry workers had the highest SMRs in both men 
(SMR: 201, 95% CI: 153‐244) and women (SMR: 217, 95% 
CI: 139‐295), with statistical significance.
3.2 | Non‐melanotic skin cancer (ICD‐code: 
C44)
Among the 227 deaths from NMSC, 195 (85.9%) were in 
men and 32 (14.1%) in women (Table 2). Manual/service/
trade workers had the lowest standardized mortality rate in 
both men (0.10/100 000) and women (0.01/100 000), while 
agriculture/fishery/forestry workers had the highest rate in 
both men (0.44/100 000) and women (0.17/100 000). Men 
had higher direct standardized mortality rates than women in 
all the occupational categories.
Compared to the reference group, agriculture/fishery/for-
estry workers had the highest SMRs in both men (SMR: 461, 
95% CI: 329‐583) and women (SMR: 575, 95% CI: 317‐864), 
with statistical significance.
F I G U R E  1  Schematic diagram for 
reorganization of “Korean Standard Classification of 
Occupations” as three occupational groups
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3.3 | Cutaneous melanoma (ICD‐CODE: 
C43)
Among the 367 deaths from CM, 293 (79.8%) were in men 
and 74 (20.2%) in women (Table 2). Manual/service/trade 
workers had the lowest direct standardized mortality rate in 
both men (0.14/100 000) and women (0.06/100 000), while 
agriculture/fishery/forestry workers had the highest rate in 
both men (0.16/100 000) and women (0.10/100 000). Men 
had higher direct standardized mortality rates than women 
in all the occupational categories. Compared to the reference 
group, agriculture/fishery/forestry workers displayed no sta-
tistically significant differences in SMR in men (SMR: 92, 
95% CI: 56‐130) and women (SMR: 118, 95% CI: 59‐189).
To evaluate the effect of UV exposure on skin cancer re-
liably, we analyzed NMSC and CM in exposed areas (Table 
2). The corresponding SMR of exposed areas for male ag-
riculture/fishery/forestry workers (SMR of NMSC:553, 95% 
CI:222‐1018, SMR of CM:453, 95% CI: 133‐1009) was 
significantly higher than that for office workers. In contrast, 
there were no statistically significant differences between 
the values for NMSC and CM in unexposed areas (data not 
shown).
4 |  DISCUSSION
Although skin cancer is less common in people with dark skin 
than in Caucasians, it is often associated with increased mor-
bidity and mortality.1 In addition, the thinning of the ozone 
layer, aging of the society, and popularity of outdoor activi-
ties contribute to the incidence of skin cancer. Therefore, 
improved understanding of skin cancer in people of color is 
crucial. We investigated the relationship between skin cancer 
mortality rate and occupation and found statistically signifi-
cant differences. Thus, agriculture/fishery/forestry workers 
had the highest SMRs for NMSC compared to office workers 
in both men and women. Furthermore, agriculture/fishery/
forestry workers also showed the highest SMRs for CM in 
exposed areas in men, while there were no significant differ-
ences in SMRs for unexposed areas across the occupational 
categories.
Several epidemiological studies found that exposure to 
sunlight increased the risk of skin cancer.25,26 Kricker et al 
investigated the association between occupation and NMSC 
occurrence using 10 published studies from Australia, USA, 
Canada, Ireland, and Italy.27 Although the association be-
tween NMSC and occupation‐related sunlight exposure was 
weaker, outdoor workers appeared to be at a higher risk, 
which increased with the level of exposure. Positive associ-
ations between skin cancer and total sun exposure were also 
reported in other studies, although most of them did not ad-
just for other factors. Gallagher et al conducted two separate 
studies on newly diagnosed cases of BCC and SCC between 
1983 and 1984.28 Based on the Alberta Cancer registry for in-
dividuals between 25 and 70 years old, lifetime occupational 
and recreational childhood exposure were related to BCC. 
Moreover, lifetime occupational exposure was definitely pos-
itively associated with SCC, especially when the latest diag-
nostic methods were used. Outdoor workers show high risk 
of skin cancer, and that risk differs by outdoor activity.29 To 
summarize, there is a clear association between NMSC (both 
BCC and SCC) and UV exposure. This increased risk could 
be attributed both to occupational and recreational exposure.
Based on the key epidemiologic evidence described 
above, we suggest that biological, toxicological, and socio-
logical aspects may be involved in the pathogenesis of skin 
cancer. First, prolonged UVB exposure during working hours 
might increase the SMR among agriculture/fishery/forestry 
workers. Although the relation between UVB exposure and 
skin cancer is weaker in Asians than in Caucasians, UVB 
still plays a significant role in NMSC and CM. For example, 
UVB‐induced interleukin‐10 expression is associated with 
inhibition of antitumor T‐cell immune response, leading to 
tumor growth in both melanoma and NMSC.30 Moreover, 
DNA damage by UV radiation triggers cutaneous carcino-
genesis by altering the expression of oncogenes and tumor 
suppressor genes, including p53 and patched genes, which 
are responsible for transformation in keratinocytes.31,32 
Second, chemical and toxicological exposure may also ex-
plain the increased SMR in agriculture/fishery/forestry 
workers. For example, exposure to insecticides, herbicides 
and fungicides can increase odds ratios of SCC.33 Since all 
these chemicals are frequently used by agriculture/fishery/
forestry workers, we cannot exclude their role in skin cancer. 
Finally, the availability of professional medical services can 
differ in urban and rural areas. Most agriculture/fishery/for-
estry workers reside in rural areas, resulting in restricted ac-
cess to skin cancer screening. The National Health Interview 
Survey for cancer control reported that 4‐7% of agriculture/
fishery/forestry workers undergo clinical skin examination 
during their lifetime, compared to 15% of general US work-
ers.34 Furthermore, general practitioners not specializing in 
dermatology and plastic surgery are often unable to diagnose 
skin cancer early because of lack of symptoms. Even when 
some symptoms are present, the lack of clinical experience 
and skin cancer‐related education might delay targeted treat-
ment, with symptomatic treatment used instead. In addition, 
since Korean dermatologists and plastic surgeons in private 
clinics mainly focus on cosmetic procedures rather than der-
matologic diseases, most of such clinics are located in urban 
areas. All these factors may contribute to delayed diagnosis 
of skin cancer in agriculture/fishery/forestry workers, ulti-
mately leading to increased morbidity and mortality.35
This study has the following strengths. First, this is the first 
Asian study reporting an association between occupation and 
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SMR for NMSC and CM. In Korea, the cancer registry was 
launched later than in Japan and Singapore, and occupation‐de-
pendent SMRs for skin cancer were not assessed in published 
studies. Second, the study analyzed the entire population of South 
Korea, suggesting high reliability and internal validity compared 
with single‐center studies or those using sample pooling. Third, 
the results may be generalized to Asians with Fitzpatrick skin 
types III and IV residing at the same latitude and altitude. Fourth, 
the subgroup analysis of CM in exposed/unexposed areas sug-
gested that increased UV exposure might increase the risk of CM 
in Asians, while there was no significant difference in SMR for 
CM in unexposed areas for any occupation.
Our study also has several limitations. First, the exact 
population structure by age in each occupational group is 
unknown. Accordingly, we used a proxy population based 
on the 2005 national census data and assumed that changes 
in population structure by age were minimal during the 
study period. Therefore, the results may be somewhat inac-
curate and not completely applicable to other years given the 
profound changes in the population structure. Second, we 
could not adjust for many demographic and socioeconomic 
factors, such as educational status, income level, marital 
status, smoking, and drinking. However, the purpose of this 
study was to identify occupational groups at increased risk 
of skin cancer, and the findings are meaningful at the large 
scale. Third, we could not distinguish between BCC and 
SCC within NMSC and between the pathologic subtypes of 
BCC, SCC, and CM. Although occupational solar exposure 
is mainly associated with SCC and nonoccupational or rec-
reational exposure with BCC, these two types of skin cancer 
could not be distinguished because of the limitations of the 
ICD‐10 system. In addition, since the pathologic subtype of 
CM is critical for prognosis, the national death registry data 
should be combined with more specific individual medical 
records. Fourth, we could not measure a history of other ex-
posures to carcinogens due to the data limitation. However, 
even though there are other carcinogenesis mechanisms 
except for UV‐induced DNA mutation, UV is one of the 
main occupational carcinogens. Therefore, we have tried to 
focus on that exposure. Finally, we could not measure the 
amount of UV exposure according to occupation directly. 
However, many previous studies also assumed that exposure 
was proportional to working hours spent outside. The nine 
occupational groups were categorized into three groups to 
ensure sun‐exposed occupational group. Although we have 
no validity methods to classify the sun‐exposed occupation, 
“Agriculture‐Fishery‐Forestry worker” usually more worked 
outside compare to other occupation. ISCO can be catego-
rized into nonmanual versus manual workers, nonmanual 
worker included managers and senior officials, professional 
and associated professional and clerks. Other occupations 
are manual workers. Among manual workers, we though 
Agriculture‐Fishery‐Forestry worker is occupation group 
usually worked outside with sun exposure, hence we divided 
manual workers into two categories. However, our assump-
tion has no validity, yet. More comprehensive occupational 
categories were needed to clarify the association between 
sun‐exposed and risk of skin cancer in Asian population. 
Skin cancers generally are treated by outpatient clinic, and 
the mortality of skin cancer is depend on its’ pathological 
stage.36 For example, 10‐year survival of stage 1 melanoma 
is 92%, that of stage 2 is 80% and that of stage 3 is 50%. 
Hence, our current results may underestimate mortality rate.
This is the first study showing that Asian agriculture/
fishery/forestry workers have increased SMRs for NMSC 
and CM in exposed areas. In light of the increasing an-
nual incidence of skin cancer and thinning of the ozone 
layer, skin cancer could become a public health concern in 
Korea in the near future. Thus, measures should be taken to 
improve early skin cancer detection in agriculture/fishery/
forestry workers. Further study should evaluate the possi-
ble disparity in availability of skin cancer‐related health 
services.
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